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Abstract 
Three amines were tested as solvents for CO2 capture: monoisopropanolamine (MIPA) and 3 amino 1 propanol (MPA), which 
are primary amines, and diethanolamine (DEA), which is a secondary amine.  The three amines were tested at 7 molal in water, 
which corresponds to 30 wt % monoethanolamine (MEA).  The CO2 absorption rate and solubility in the solvents was measured 
using a bench scale wetted wall column (WWC) at 20–100 °C and over the range of CO2 loading expected for coal flue gas.  The 
experimental data are analyzed to suggest performance in a real process.  The performance of the three new amines are compared 
against literature results for 7 m MEA and other solvents with amines of related structures, such as 10 m Diglycolamine (DGA)® 
and 4.8 m 2-amino-2-methyl-1-propanol (AMP).  The mass transfer performance and the CO2 carrying ability of the amine are 
related to the structural hindrance and the pKa.  The CO2 absorption rate of 7 m MIPA and 7 m DEA are competitive with 7 m 
MEA.  For 7 m MPA, the measured liquid film mass transfer coefficient is about 20% lower than 7 m MEA.  The CO2 solubility 
data are used to generate a semi-empirical model for each of the new solvents.  The results for CO2 solubility at 40 °C suggest 
that MIPA and MPA have similar CO2 capacity to MEA, whereas DEA has double the CO2 capacity of the three primary amines.  
Based on the comparison of data collected in this work and literature results, it is generalized for unhindered amines that the 
overall CO2 mass transfer performance of the solvent is inversely related to the pKa of the amine.    Also, the CO2 capacity of the 
amine increases with the relative hindrance of the nitrogen group in the amine molecule.       
 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of GHGT. 
Keywords: Absorption rates; CO2 solubility; solvent screening; primary amine; secondary amine  
 
 
* Corresponding author. Tel: +1-512-471-7230; fax: +1-512-475-7060. 
E-mail address: gtr@che.utexas.edu 
© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
1488   Le Li and Gary Rochelle /  Energy Procedia  63 ( 2014 )  1487 – 1496 
1. Introduction 
Amine scrubbing is the state-of-the-art technology for post-combustion CO2 capture from fossil fuel combustion 
power plants [1].  The capital and operating costs of the capture process are partially affected by the properties of 
the amine solvent.  Specifically, the chemistry of the amine-CO2 reaction contributes to the overall mass transfer 
rate of CO2 during absorption, and ultimately the size and capital cost of the absorber.  Moreover, the 
thermodynamics of the amine-CO2 interaction is directly related to the solubility of CO2 in the solvent, which 
determines the total solvent rate required in the process and the energy cost of solvent regeneration.  Thus, CO2 
mass transfer and solubility data are required in solvent selection for CO2 capture.   
The base-case solvent for amine scrubbing is 30 wt % (7 m) monoethanolamine (MEA) in water, where MEA is 
a primary amine (Figure 2).  In this work, three amines that are structure analogues of MEA are tested 
experimentally for their performance as solvents for CO2 capture.  The structures of the three amines are shown in 
Figure 1, where monoisopropanolamine (MIPA) and 3 amino 1 propanol (MPA) are primary amines, and 
diethanolamine (DEA) is a secondary amine.  All three amines are tested at the same concentration of 30 wt % 
MEA, 7 molal amine.  The results are compared with the performance of 7 m MEA and other related amine solvents 
(Figure 2).  The solvents used for comparison include 10 m Diglycolamine (DGA) ®, which is a primary amine, and 
4.8 m 2 amino 2 methyl 1 propanol (AMP), which is a hindered primary amine [2].   
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Figure 1.  Molecular structure of the amines tested in this work 
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Figure 2. Molecular structure of the amines used as performance comparisons 
 
A bench scale wetted wall column (WWC) gas-liquid contactor was used to collect CO2 mass transfer and 
solubility data.  The liquid film mass transfer coefficient (kg’) of CO2 was measured at 20–100 °C, and at a range of 
liquid phase CO2 loadings.  The measured kg’ represents the sum of all solvent properties contributing to the mass 
transfer of CO2 on the liquid side.  This includes the effect of amine-CO2 reaction kinetics, CO2 molecular diffusion, 
physical solubility of CO2, and the concentration of molecular species in the solvent (Equation 1).   
݇௚ᇱ ൌ ඥ௞మή௫ೌ೘೔೙೐ή஽಴ೀమு಴ೀమ       (1) 
Using kg’ to compare solvent mass transfer rates is more comprehensive and representative of real process 
conditions than using reaction rate constants.  The measured kg’ can be used to calculate the fundamental reaction 
rate constants.  Also, kg’ data can be used to model CO2 mass transfer in a real column and to estimate equipment 
size.  The CO2 solubility in the three amine solvents was also measured by the WWC at 20-100 °C and the expected 
operating range of CO2 loadings.  The reported CO2 vapor-liquid equilibrium (VLE) data can be used to estimate the 
relative solvent requirement and predict the heat of CO2 absorption.  
The experiments in this work were performed with CO2 loading in the liquid phase in order to represent real 
process conditions.  Specifically, the range of CO2 loadings tested is expected to correspond to the optimal operating 
range for coal flue gas (with approximately 12% CO2).   
NH2
CH3
OH
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2. Experimental setup 
2.1 Wetted wall column 
 
The geometry of the wetted wall column contactor used in this work is shown in Figure 3-a.  The column has a 
diameter of 1.26 cm and height of 9.1 cm.  The hydraulic diameter of the contacting chamber is 0.44 cm, and the 
cross area for gas flow is about 1.33 cm2.  The gas stream consists of a mixture of CO2 and N2.  In this work, the 
CO2 in the gas phase is varied between 0 and 20 vol% in N2, while total gas flow rate is maintained at a constant 5 
standard liter per minute.  The liquid flow rate is approximately 4 mL/s.  The total gas liquid contact area of an ideal 
liquid film is calculated to be 38.5 cm2, and this value is used to analyze all experimental data in this work.   
At each temperature and liquid phase CO2 loading, the gas phase CO2  is adjusted to six different concentrations, 
which correspond to different driving forces for CO2 mass transfer.  The CO2 flux into the liquid phase is measured 
at each of the six CO2 driving forces.  Typically, three desorption points and three absorption points are measured.  
The CO2 flux is expected to vary linearly with the driving force for mass transfer (Equation 2).   
ܥܱଶ݂݈ݑݔ ൌ ܭ௚൫ ஼ܲைమǡ௚௔௦ െ ஼ܲைమכ ൯        (2) 
The measured flux is plotted against the corresponding mass transfer driving force, and a linear line is fitted through 
the six measurements (Figure 3-b).  The slope of the linear fit is the overall gas side mass transfer coefficient (KG), 
as shown in Equation 1.  In Equation 1, PCO2* is the equilibrium partial pressure of CO2 corresponding to the liquid 
phase CO2 loading used in the experiment.  PCO2* is an unknown parameter, and is calculated by trial and error by 
fitting the linear curve through the zero point on the x-axis in Figure 3.b.  The liquid film mass transfer coefficient 
(kg’) is calculated from the measured KG by accounting for the gas side resistance (kg), as shown in Equation 3. 
ଵ
௄ಸ ൌ
ଵ
௞೒ ൅
ଵ
௞೒ᇲ
        (3) 
In Equation 3, kg is the gas film mass transfer coefficient, which is calculated using a correlation previously 
characterized for this WWC apparatus.   
(a) (b) 
 
Figure 3: (a) Dimensions of the WWC contactor; 
(b) WWC data analysis for 7 m MIPA at 80 °C and CO2 loading of 0.278 mol/mol alkalinity 
The WWC apparatus and experimental method used in this work is identical to those used by Dugas [3], Chen [1, 
4], and Li [5].   
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The CO2-loaded aqueous amine solvents are prepared by gravimetrically mixing amine with water.  Gaseous CO2 
is then bubbled into the liquid solvent to achieve the desired liquid phase CO2 loadings.  
 
2.3. Analytical methods 
Liquid samples were collected during the WWC experiment at each temperature and CO2 loading.  The samples 
were analyzed for total alkalinity and total CO2 concentration.  Total alkalinity was measured using acid titration.  
Total CO2 concentration was measured using an in-house total inorganic carbon method (TIC).  For each sample, 
both total alkalinity and CO2 concentration was measured in triplicate.  The measured total alkalinity and CO2 
concentration are used as the reported liquid phase CO2 loading in this work.  The details of the two methods can be 
found in Freeman [6].  
3. Experimental results 
3.1. Absorption rates 
The CO2 liquid film mass transfer coefficient (kg’) for 7 m MIPA and 7 m MPA was measured at 20, 40, 60, 80, 
and 100 °C, and at a range of CO2 loadings expected to be optimum for coal flue gas.  The results are plotted in 
Figure 4-a (7 m MIPA) and 4-b (7 m MPA).  The result of 7 m MEA at 40 °C is shown as a blue dashed line for 
comparison [3].  In these figures, kg’ is plotted against the equilibrium partial pressure of CO2 (PCO2*) at 40 °C on 
the x-axis, which is used as a surrogate for CO2 loading in the liquid phase.  Also, PCO2* at 40 °C corresponds to the 
driving force for CO2 mass transfer in the absorber column, which allows kg’ to be compared in the context of the 
operating conditions of a real process.  For both 7 m MIPA and 7 m MPA, the kg’ of the solvent shows no 
temperature dependence in the range of the experiment.  At 40 °C, 7 m MIPA has similar kg’ as 7 m MEA over the 
entire CO2 loading range tested.  For 7 m MPA, the kg’ at 40 °C is slightly lower than 7 m MEA, particularly at high 
loading.  
(a) (b) 
 
Figure 4. (a) CO2 absorption rates for 7 m MIPA; (b) CO2 absorption rates for 7 m MPA 
 
For 7 m DEA, kg’ is measured at 20, 40, 60, and 80 °C.  The experimental results are plotted in Figure 5-a, along 
with the kg’ of 7 m MEA at 40 °C [3].  The kg’ of 7 m DEA does not vary significantly with temperatures in the 
range of 20-80 °C.  At 40 °C, the absorption rate of 7 m DEA is competitive against 7 m MEA over the entire range 
of CO2 loading tested.  
The kg’ of 7 m MIPA, 7 m MPA, and 7 m DEA are compared at 40 °C against 7 m MEA [3], 10 m DGA®, and 
4.8 m AMP [2] in Figure 5-b.  The differences in kg’ among the six solvents is small.  7 m MEA, 7 m DEA, 10 m 
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DGA ®, and 7 m MIPA have about the same kg’, which is about 20–30 % higher than the kg’ of 7 m MPA and 4.8 m 
AMP.   
As the six amines vary significantly in structural hindrance, carbon chain length, and pKa, generalizations can be 
made regarding these effects.  Among the six amines tested, MEA is one of the least hindered molecules, whereas 
DEA is more hindered than MEA, and AMP is much more hindered than DEA.  The measured kg’ of 7 m MEA and 
7 m DEA are the same, and are higher than 4.8 m AMP.  It can be generalized that the effect of structural hindrance 
on the overall kg’ is weak in the low and moderately hindered range where the amine can still form carbamate with 
CO2.  As the amine becomes significantly hindered, and the carbamate formation becomes unfavored, kg’ is lowered 
as the result.   
While MEA and DGA® vary significantly in carbon chain length, the solvents have similar kg’.  Thus, it can be 
generalized that molecular chain length of the amine alone is insignificant to the overall kg’ of the solvent.  For the 
unhindered amine solvents, 7 m MPA has a lower kg’ than others.  The low kg’ of 7 m MPA corresponds to a higher 
pKa of the amine (9.96) compared to the other amines, with MEA at 9.44, MIPA at 9.45, and DGA® at 9.42.  This 
observed inverse dependence of kg’ on the pKa of the amine can be explained by the pseudo-first-order 
approximation of kg’ (Equation 1), which shows kg’ to be a function of the free amine concentration.  The pKa of the 
amine is directly related to the equilibrium of the amine-CO2 reaction, where high pKa favors the product of the 
reaction.  Therefore, for solvents with the same total amine concentration and compared at the same PCO2*, solvents 
with high pKa amines are expected to have less free amines available to react with CO2 than lower pKa amines.   
  
(a) (b) 
 
Figure 5: (a) CO2 absorption rates for 7 m DEA; (b) Solvent kg’ compared at 40 °C 
 
 
3.2. CO2 solubility 
 
The measured CO2 solubility results for 7 m MIPA and 7 m MPA are plotted in Figures 6-a and 6-b, and the 40 
°C CO2 VLE curve for 7 m MEA is included for comparison [7].  The experimental data are regressed to fit a semi-
empirical VLE model (Equation 4), which relates the measured PCO2* to a linear combination of temperature and 
CO2 loading terms.  
൫ ஼ܲைమכ ൯ ൌ ܽ ൅
௕
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் ൅ ݂ ή
ఈ಴ೀమమ
்      (4)  
The regressed model results are shown in the figures as solid lines, which match experimental data well within the 
experimental temperature and loading range.  The regressed model parameters for the two solvents are summarized 
in Table 1.  
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(a) (b) 
 
Figure 6: (a) CO2 solubility result for 7 m MIPA; (b) CO2 solubility result for 7 m MPA 
 
The CO2 solubility results for 7 m DEA are plotted in Figure 7-a.  The experimental data from this work is 
regressed to fit the semi-empirical VLE model (Equation 4).  The model results are plotted as solid lines in Figure 7-
a, the parameters of the model are summarized in Table 1.  Literature data of the solubility of CO2 in aqueous DEA 
solvents at similar concentration are also shown in the plot for comparison (by Lee [8] and Haji-Sulaiman [9]).  The 
literature values match the measured values in this work.  The CO2 solubility curve at 40 °C extrapolated using the 
semi-empirical model also matches the literature data outside the experimental range of this work.     
 
(a) (b) 
Figure 7: (a) CO2 solubility result for 7 m DEA; (b) Comparison of solvent VLE curves at 40 °C in coal operating range 
 
The CO2 solubility curve at 40 °C for the solvents is compared in Figure 7-b, which directly suggests the relative 
process performance of the solvent in a CO2 capture process.  For comparison, the results for 7 m MEA [7], 10 m 
DGA ®, and 4.8 m AMP [2] are included in the figure.  The solubility curves are plotted in the range of the expected 
operating range for coal flue gas (PCO2* of 0.5 and 5 kPa).  The CO2 loading range (∆ ldg) that corresponds to the 
range of PCO2* represents the amount of CO2 carried per mole of the amine at each absorption/desorption cycle of 
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the process.  Thus, a larger ∆ ldg suggests a higher CO2 ability of the amine.  As shown in Figure 7-b, the shape of 
the solubility curve and its corresponding CO2 loading range varies based on the relative hindrance of the amine.  
For the unhindered primary amines, the slope of the solubility curve is steep over the operating range, which 
corresponds to small ∆ ldg.  For the slightly hindered solvent, 7 m DEA, the solubility curve is much more flat, and 
the ∆ ldg much higher.  The most hindered amine AMP has the largest ∆ ldg, suggesting the best CO2 carrying 
ability per mole of amine.  This trend is also observed in Figure 8-b, where the ∆ ldg of the solvents are compared to 
the pKa of the amine at 25 °C.  The ∆ ldg of the solvent shows little dependence on the pKa of the amine, while it is 
a strong function of the degree of hindrance of the amine.  
 
Table 1: Semi-empirical CO2 VLE model parameter values 
a b c d e f R2 
7 m MIPA -23 8988.1 356.9 -485.4 -119129 170254 0.993 
7 m MPA 53.5 -14756 -35.5 0 0 22721.6 0.995 
7 m DEA 33.54215 -9045.97 5.134011 0 0 3236.498 0.995 
3.3. Process performance 
The measured kg’ results at 40 °C can be used to estimate the performance of each solvent in an ideal absorber 
column.  The parameter kg’avg is used to represent the overall absorption rate of a solvent in a column.  As shown in 
Equation 5, kg’avg is calculated by dividing the log mean average of CO2 flux between the top and bottom of the 
column by the log mean average of the driving force between the two ends.  A kg’avg can be calculated depending on 
the type of flue gas and total percent removal.  For coal-fired power plants, which produce flue gas with about 12 % 
CO2 and have a target removal of 90%, the corresponding PCO2,bottom and PCO2,top are 12 kPa and 1.3 kPa, 
respectively.  The corresponding ஼ܲைమǡ௥௜௖௛
כ  and ஼ܲைమǡ௟௘௔௡
כ  must provide a positive driving force for CO2 mass transfer 
from the gas into the liquid. These are set at 5 and 0.5 kPa.  The calculated kg’avg for the tested solvents is 
summarized in Table 2.     
݇௚ᇱ ௔௩௚ ൌ
ி௟௨௫಴ೀమǡಽಾ
ሺ௉಴ೀమି௉಴ೀమכ ሻಽಾ
ൌ ሺி௟௨௫಴ೀమǡ೟೚೛ିி௟௨௫಴ೀమǡ್೚೟೟೚೘ሻ ௅௡ሺி௟௨௫಴ೀమǡ೟೚೛Ȁி௟௨௫಴ೀమǡ್೚೟೟೚೘ሻൗ
ቀ௉಴ೀమǡ೟೚೛ି௉಴ೀమǡ೗೐ೌ೙כ ቁିቀ௉಴ೀమǡ್೚೟೟೚೘ି௉಴ೀమǡೝ೔೎೓
כ ቁ ௅௡ሺ
ು಴ೀమǡ೟೚೛షು಴ೀమǡ೗೐ೌ೙
כ
ು಴ೀమǡ್೚೟೟೚೘షು಴ೀమǡೝ೔೎೓
כ ሻ൘
   (5) 
It is convenient to use kg’avg to compare solvent absorption rates, because it reduces the varying absorption rate of a 
solvent across the entire absorber column into a single value for each solvent.   
In Figure 8-a, kg’avg is used to compare the CO2 absorption rate of primary unhindered amines with the pKa of the 
amine at 25 °C.  The solvents include the ones discussed in this work, as well as two primary amino acid-based 
solvents [11].  The results show an inverse relationship between the kg’avg of the solvent at coal flue gas conditions 
and the pKa of the solvent.    
The CO2 solubility curve of each solvent at 40 °C can be used to calculate the CO2 cyclic capacity of the solvent 
(Equation 6).  The cyclic capacity of the solvent is the product of the CO2 carrying ability of the amine (∆ ldg) and 
the total concentration of amine in the solvent.   
οܥ௦௢௟௩ ൌ ሺןೝ೔೎೓ିן೗೐ೌ೙ሻή௠௢௟௔௟௞௔௟௜௡௜௧௬௞௚ሺ௔௠௜௡௘ାுమைሻ ൌ
௠௢௟஼ைమ
௞௚ሺ௔௠௜௡௘ାுమைሻ     (6) 
The calculated cyclic capacity for each solvent is summarized in Table 2.  Solvents with high cyclic capacity require 
less solvent circulation in the process, which lowers the solvent cost and the size of the cross exchangers.   
The heat of absorption of CO2 can be estimated from the temperature dependence of the CO2 solubility behavior 
of the solvent (Equation 7).  
െοܪ௔௕௦ ൌ ܴ ή ൬డ୪୬ሺ௉಴ೀమ
כ ሻ
డ൫ଵ ்ൗ ൯
൰
௉ǡ௫
ൌ ܾ ൅ ݁ ή ߙ஼ைమ ൅ ݂ ή ߙ஼ைమଶ    (7) 
The heat of CO2 absorption affects the pressure of the stripping column and efficiency of the stripping process.  
Solvents with higher heat of absorption require less stripping steam per mole of CO2 removed.  Also, a high heat of 
absorption contributes to a higher stripper pressure at the same temperature, which reduces the compression work 
required downstream of the capture process.  Both of these effects reduce the overall cost of the process.  The heat 
of absorption of the solvents is calculated at the midpoint of the expected operation range for coal flue gas (PCO2* at 
1.5 kPa), which is summarized in Table 2.  
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(a) (b) 
Figure 8: (a) Absorption rate of primary unhindered amine dependence on amine pKa; 
(b) The effect of steric hindrance on the CO2 carrying capacity of the amine. 
 
Table 2: Summary of solvent performance for coal flue gas compared to related solvents in the literature 
 
Con kg'avg @ 40 ˚C Capacity ∆ldg lean/rich 
-Habs @ 
pKa 
@ 25 °C 
PCO2* =1.5 kPa 
(m) x 107 mol/Pa s m2 mol/kg solv 
mol/mol 
alkalinity 
mol/mol alk kJ/mol 
MIPA 7 3.71 0.35 0.08 0.42/0.50 80 9.45 
MPA 7 2.52 0.27 0.055 0.485 / 0.544 73 9.96 
DEA 7 4.86 0.8 0.2 0.21/0.41 73 8.88 [10] 
MEA [3,7] 7 4.35 0.5 0.096 0.434 / 0.535 73 9.5 
DGA® [2] 10 3.61 0.38 0.08 0.41/0.49 81 9.42 
AMP [2] 4.8 2.39 0.96 0.29 0.27/0.56 73 9.69 [10] 
 
5. Conclusions 
The CO2 liquid film mass transfer coefficient (kg’) of 7 m MIPA and 7 m DEA are competitive with 7 m MEA.  
The kg’ of 7 m MPA is about 30% less than that of 7 m MEA.  It is observed that, when compared at the same 
process conditions, for amines with no steric hindrance of the amino group, the effective CO2 mass transfer rate of 
the solvent is inversely proportional to the pKa of the amine.  Also, moderate steric hindrance has little effect on the 
kg’ of the solvent at process conditions, while significant hindrance of the amino group has a moderate effect on the 
kg’ of the solvent.  The CO2 cyclic capacity of 7 m MIPA and 7 m MPA is 30–50% less than 7 m MEA.  For 7 m 
DEA, the cyclic capacity is 1.3 times that of 7 m MEA.  The CO2 carrying ability of the amine is a strong function 
of the steric hindrance of the amino group.    
Acknowledgements 
The authors acknowledge the financial support of the Texas Carbon Management Program. 
The authors declare the following competing financial interest(s): One author of this publication consults for 
Southern Company and for Neumann Systems Group on the development of amine scrubbing technology. The terms 
1 
10 
9.2 9.7 10.2 
k g
' av
g 
x 
10
7  (
m
ol
/P
a 
s m
2 )
 
pKa @ 25 °C 
7 m MEA 
7 m 
MIPA 
10 m DGA®  
3.5 m 
GlycineK 
6.5 m β-
AlanineK 
7 m MPA 
0 
0.15 
0.3 
8.5 9 9.5 10 10.5 
∆ l
oa
di
ng
 (m
ol
 C
O
2/m
ol
 a
m
in
e)
 
pKa @ 25 °C 
Severely hindered 
Moderately hindered 
Not hindered 
 Le Li and Gary Rochelle /  Energy Procedia  63 ( 2014 )  1487 – 1496 1495
of this arrangement have been reviewed and approved by the University of Texas at Austin in accordance with its 
policy on objectivity in research. The authors have financial interests in intellectual property owned by the 
University of Texas that includes ideas reported in this paper. 
Appendix A. Tabulated experimental data 
Table A.1: PCO2* and kg’ measurement for 7 m MIPA by the WWC  
CO2 ldg T kg' Х 107 PCO2* 
mol/mol alk ˚C mol/Pa s m2 kPa 
0.455 20 4.51 0.11 
0.487 20 2.58 0.38 
0.514 20 1.21 2.30 
0.278 40 20.50 0.04 
0.333 40 14.20 0.10 
0.398 40 8.67 0.34 
0.455 40 5.64 1.04 
0.487 40 3.36 3.34 
0.514 40 1.15 15.12 
0.278 60 22.80 0.28 
0.333 60 15.80 0.83 
0.398 60 9.69 2.72 
0.455 60 6.51 7.07 
0.487 60 3.13 18.60 
0.514 60 3.79 22.73 
0.278 80 25.50 2.12 
0.333 80 18.30 5.39 
0.398 80 9.79 16.03 
0.278 100 21.60 12.83 
0.333 100 12.05 27.81 
 
Table A.2: PCO2* and kg’ measurement for 7 m 3 amino 1 propanol 
 
CO2 loading T kg' Х 107 PCO2* 
mol/mol alk ˚C mol/Pa s m2 kPa 
0.553 20 1.18 1.75 
0.586 20 0.60 6.34 
0.325 40 23.20 0.01a 
0.385 40 14.15 0.03 
0.472 40 7.84 0.25 
0.508 40 3.58 1.06 
0.553 40 1.37 8.66 
0.586 40 0.32 39.95 
0.325 60 23.10 0.14 
0.385 60 17.10 0.30 
0.472 60 8.87 1.77 
0.508 60 4.28 7.12 
0.553 60 1.22 31.08 
0.325 80 27.20 0.92 
0.385 80 19.41 2.11 
0.472 80 9.43 10.11 
0.508 80 3.36 31.28 
0.325 100 24.90 6.56 
0.385 100 16.40 12.12 
0.472 100 5.99 42.06 
a Calculated using semi-empirical model (Table 1) 
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Table A.3: PCO2* and kg’ measurement for 7 m DEA 
CO2 loading T kg' Х 107 PCO2* 
mol/mol alk ˚C mol/Pa s m2 kPa 
0.314 20 6.18 0.22 
0.349 20 5.61 0.31 
0.412 20 3.25 0.73 
0.470 20 2.28 1.71 
0.189 40 10.10 0.41 
0.253 40 7.07 0.76 
0.303 40 5.65 1.36 
0.348 40 5.44 2.23 
0.414 40 3.37 5.95 
0.455 40 2.14 12.59 
0.188 60 9.48 2.04 
0.250 60 7.29 4.35 
0.309 60 5.76 7.26 
0.349 60 5.54 11.39 
0.431 60 3.13 24.97 
0.188 80 8.21 9.76 
0.251 80 6.53 19.08 
0.303 80 5.06 29.64 
0.342 80 5.80 46.84 
 
References 
[1] Rochelle GT. Amine Scrubbing for CO2 Capture.  Science 2009; 325 (5948): 1652-1654. 
[2] Chen X, Closmann F, Rochelle GT. Accurate screening of amines by the wetted wall column. Energy Procedia 2011; 4: 101-108. 
[3] Dugas RE, Rochelle GT. CO2 absorption rate into concentrated aqueous monoethanolamine and piperazine. J of Chemical and Engineering 
Data 2011; 56: 2187-2195. 
[4] Chen X, Rochelle GT. Aqueous piperazine derivatives for CO2 capture: accurate screening by a wetted wall column.  Chemical Engineering 
Research and Design 2011; 89 (9): 1693-1710.  
[5] Li L, Voice AK, Li H, Namjoshi O, Nguyen T, Du Y, Rochelle GT. Amine blends using concentrated piperazine. Energy Procedia 2013; 37: 
353-369.  
[6] Freeman SA. Thermal degradation and oxidation of aqueous piperazine for carbon dioxide capture.  PhD Dissertation, The University of 
Texas at Austin, Austin, Texas, 2010. 
[7] Xu Q. Thermodynamics of CO2 loaded aqueous amines. PhD Dissertation, The University of Texas at Austin, Austin, Texas, 2011.  
[8] Lee JI, Otto FD, Mather AE. Solubility of carbon dioxide in aqueous diethanolamine solutions at high pressures. J of Chemical and 
Engineering Data 1972; 7 (4): 465-468.  
[9] Haji-Sulaiman MZ, Aroua MK, Benamor A. Aqueous solutions of diethanolamine, methyldiethanolamine and their mixtures using the 
modified Kent Eisenberg model. Chemical Engineering Research and Design 1998; 76 (8), 961-968. 
[10] Xu S, Otto FD, Mather AE. Physiochemical properties of 2-piperidineethanol and its aqueous solutions. J of Chemical and Engineering Data 
1992; 37: 407-411.  
[11] Li L, Rochelle GT.  CO2 rates with amino acids and solvent analysis. CO2 Capture by Aqueous Absorption, Fourth Quarterly Progress 
Report 2010." Luminant Carbon Management Program.  The University of Texas at Austin. 2011.  
